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ABSTRACT

Of four instruments tested for their ability either to measure
cherry firmness directly or to measpre a closely related firmness para-
meter, only 1 was found acceptable. A modified commercial microm-
eter-dial gage successfully detected firmness variations by measuring
the deflection of cherries subjected to a constant load applied over
a constant area.

Such factors as cherry position, size, soluble solids content, and time
allowed for the load to remain on the cherry were investigated for
their effect on the instrument reading in standardizing a measuring
technique. The sensitivity of the jnstrument to cherry firmness was
evaluated by taking readings first gn unbruised hand-picked fruit and

again after application of known bruising treatments.
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Fig. 1. Experimental apparatus used in an unsuccessful attempt to establish
a relationship between cherry firmness and average velocity of cherries rolling
down an angular plane.

Fig. 2. The distance a cherry bounces from an in-
clined surface did not| vary with the firmness of the cherry
according to results ¢obtained using the apparatus shown
above.
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weight of cherries above them in addition to the plunger weight, and
(E) cherries were damaged to such an extent as to make it impractical
to run a duplicate test on the same cherries.

INSTRUMENT DESCRIPTION AND TECHNIQUE

The most satisfactory firmness-measuring instrument was devel-
oped to measure cherry diameter rapidly. It was later discovered that
the cherry settled slightly due to the small force applied by the
instrument. Since the instrument satisfied the first two conditions
for acceptance as a firmness measuring device, it was tested for
sensitivity to cherry firmness. '

The cherry firmness measuring instrument (hereafter referred to
as the PL meter) consisted of a rigidly mounted micrometer dial with
its rod vertical. The dial was graduated in .001 inch and the spring
which is normally attached to the dial rod was removed in order to
maintain a constant force on the cherry. The weight of the rod, and
consequently the force applied to the cherry, was 16 grams and the
diameter of the rod tip was .203 inch. Consequently, the cherry area
over which the 16 grams was applied was .0324 square inches.

Individual cherries were placed under the PL meter with their stem
axis vertical and stem end down as shown in Fig. 4. The PL meter
reading at the point of dontact between its rod and the cherry was

) recorded as the initial cherry “stem diameter.”

The instrument rod was released and allowed to settle for two
minutes. Usually the descent of the rod ceased after one minute on
unbruised cherries. It required between one and two minutes for
rod descent to cease on severely bruised cherries. A final reading was
made at the end of the two minute period. The difference between
initial and final readings was recorded as inches of deflection. Percent
deflection was calculated by dividing the deflection by the initial cher-
ry diameter times 100.

The cherries were placed under the PL meter in the same position,
namely, stem axis vertical with stem end down. The importance of
cherry position is evident by the results given in Table 1. Deflections
were measured on five cherries, each lying in three different positions.
The deflection, as well as percent deflection, depends upon the cherry
position. The stem-end-down position was selected as the standard
because of the simplicity of placing the cherry consistently in the
same position.
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Preliminary investigations revealed that the temperature variations
between 40° and 80° F. had no affect on the PL meter reading. There-
fore, temperature need not be considered when measuring firmness.

METHOD OF EVALUATING PL METER PERFORMANCE

This experiment was designed to correlate PL meter readings with
cherry firmness. Cherry firmness was altered by dropping the cherries
a distance of 3 feet a specific number of times. PL meter readings
were taken on each cherty before and after each drop to determine
the effect of the bruising treatment on cherry firmness. The results
are not intended for use hs a basis for making conclusions about the
behavior of cherry firmness itself. They are intended merely to indi-
cate the sensitivity of the instrument to firmness and to establish a
range of meter readings for cherries subjected to known treatments.

First of all, PL meter readings were taken on unbruised, hand-
picked cherries to establish the range of values which represent cher-

Fig. 4. PL |meter developed for measuring cherry
firmness July, 1965. Cherries were placed under the
meter with their stem axis vertical and stem end down.
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TABLE 1—Effect of cherry ppsition on PL meter readings
Cherry Cherry Initial Deflection
position identification diameter,
inches Inches Percent
Stem End a .689 .043 6.24
Down-Stem b .677 . .042 6.20
Diameter c .705 .061 8.65
Vertical d .692 .039 5.64
e .663 .040 6.04
Average .685 .045 6.55
Suture Side a 717 .045 6.28
Down-Suture b .698 .049 7.02
Diameter c 714 .067 9.39
Vertical d .710 .042 5.92
e .679 .054 7.96
Average .703 . 651 7.31
Cheek a .758 .049 6.47
Diameter b 755 .062 8.22
c .781 .085 10.88
d .763 .046 6.03
e .730 .056 7.67
_ Average 757 .060 7.85

ries in their unaltered condition. Nine hand-picked cherries of approx-
imately equal color were dividéd into three equal groups according
to size—small, medium and large. Softness of each cherry was meas-
ured by the PL meter at 2 5, 8,11, 23 and 30 hours after harvest.
During this interval, the cherries were kept in atmospheric air. Air
temperature varied from about 60° to 80° F. This condition would be
similar to that achieved by a grower carefully hand-picking cherries
and holding them overnight in air before delivering them to the
Processor. '

A second test consisted of hand harvesting 45 cherries at random
and measuring the firmness of nine unbruised cherries two hours after
harvest then dropping them a distance of three feet twice. Firmmess
was measured after each drop Soluble solids were measured by a
hand refractometer after the final firmness readings. The procedure
was repeated on nine more cherries of the original 45, five hours after
harvest and again 8, 11 and 24 hours after harvest. This test was
designed to determine the ability of the PL meter to detect bruising




of the cherry any time after harvest. Soluble solids were checked to"
determine the effect of this characteristic on the instrument sensitivity
and firmness of bruised and unbruised cherries.

A third test included checking the firmness of 10 cherries as they
were received in water at the Burnett Farms Packing Company,
Keeler, Michigan and comparing their firmness with that of 10 ap-
parently good cherries extracted from the sorting table just prior to
the pitting operation. These firmness values were also compared with
firmness values of the hand-picked unbruised and bruised cherries
determined by test number two.

RESULTS

The firmness of unbruised hand-picked cherries as measured by
the PL meter is reported|in inches of deflection in Fig. 5. Note the
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Fig. 5. Firmness of hand picked, unbruised cherries as measured with PL
meter at specified intervals up to 30 hours after harvest. Each point represents
the average deflection for three cherries in each size group. ‘Cherries were
harvested at Keeler, Michigan on July 15, 1965.
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higher the deflection, the softer the cherry. Initial deflection measure-
ments made two hours after harvesting indicated that deflections were
independent of cherry size.

Although the average deflection of the three large cherries’ was
considerably below that of the three medium and small cherries, the
difference was probably due to|the fact that one of the three large
cherries was unusually low in soluble solids (13.2 percent as compared
to 14.4 - 21.2 percent for all othe rs). The average weights of the small,
medium and large cherries repr bsented in Fig. 5 were 3.09, 3.79 and
4.60 grams per cherry, respectively.

To illustrate the effect of soluble solids on cherry firmness, the
nine cherries tested in each of| the two and five hours-after-harvest
intervals were grouped according to soluble solids levels and their
averages were plotted versus deflection readings (Fig. 6). There was
no apparent relationship between soluble solids and deflection read-
ings provided soluble solids were greater than 14 percent.
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_Fig. 6. Firmness meas ements on unbruised cherries grouped
according to soluble solids content two and five hours after harvesting
by hand at Keeler, Michigan July 15, 1965.



Cherries containing less than 14 percent soluble solids had the
lowest deflection for both time-interval categories. ‘Soluble solids
should be considered when measuring cherry firmness with the PL
meter if the cherries have less than 14 percent soluble solids. Mature
cherries are much softer [than immature cherries, and much higher in
soluble solids.

A second experiment was designed to test the ability of the PL
meter to detect after-harvest bruising. Deflection readings were taken
on nine unbruised cherries for each time interval of 2, 5, 8, 11 and 24
hours after harvest. The nine cherries were then dropped three feet
twice. Deflections were measured again immediately after each drop.
Average deflections are shown in Fig. 7. The PL meter consistently
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Fig. 7. Sensitivity of the PL meter to effects on cherry firmness
of one and two drops of three feet each. Each point represents the
average reading on nine cherries. Straight lines representing cherries
as received at the Elant and immediately prior to pitting represent

average readings on ften cherries each and are intended for comparison
with known bruising treatments only.
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\letected the effect of each drop on the firmness of the cherry. Visually,
all cherries remained in an a eptable processing condition after
bruising.

The average firmness of 10 echanically harvested and apparently
excellent cherries, as received at Burnett Farms Packing Plant, Keeler,
Michigan, was plotted as a str ight line in Fig. 7 to serve as a basis
for comparing the severity of ithe controlled bruising treatments on
unbruised, hand harvested cherries. The average firmness of 10 other
acceptable cherries taken from |the plant’s sorting table (the soak time
and harvesting method were u known in this case) was also drawn as
a straight line in Fig. 7.

Although no conclusions may be. made from this data regarding
the firmness of cherries as they are received and after soaking at the
processing plant, it can be con¢luded that the PL meter was consistent
in detecting the effect of only [one three-foot drop on cherry firmness
and that such a degree of bruising was far less than commercially-run
cherries received during the harvest and handling operations prior to
pitting at this particular plant

UMMARY

A modified commercial m crometer-dial gage was mounted rigidly
on a stand and used to meas cherry diameter and deflection under a
pknown load distributed over|a known area. Such factors as cherry
\ _position, size, soluble solids ntent, and the time the load remains
on the cherry were investigat d in an attempt to standardize the meas-
uring technique. Upon esta lishment of a standard technique, the
sensitivity of the instrument t cherry firmness was evaluated by taking
readings first on unbruised hand-picked cherries and again after the
same cherries had been subjected to known bruising treatments.

The following measuring technique was adopted:
1. Place the cherry der the PL meter with stem axis vertical

and stem end down since cherry position affected the in-
strument reading. .

9. Read PL meter at point of initial contact between the in-
strument rod and|the cherry.

3. Release instrument rod and take final reading two minutes
later. Two minutes was always sufficient time for the rod

descent to cease.
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Expreéss cherry firmness as thousandths of an inch deflection!
by subtracting final instrument reading from initial reading.
Since cherry size did not affect deflection, this factor need
not be considered when comparing firmness values.

The ability of the PL meter to detect slight bruising effects on
cherry firmness was valuated by subjecting unbruised cherries to
known bruising treatments. The meter consistently detected the effect
of a three foot drop on cherries. This bruising treatment had less effect
on cherry firmness than normal harvesting and handling operations
prior to pitting. '

CONCLUSIONS

1. The PL meter described in this report was found to be simple
to operate, inexpensive and very sensitive to cherry firmness
when used according to the procedure outlined.

2. The instrument test did not affect the firmness of the cherries.
Therefore, it |is possible to take measureménts again on the
same cherries| after soaking, handling or other treatments.

3. The instrument gave consistent readings on the same cherry
provided the eadings were taken within a short period of time.

4. The principle disadvantage in using the PL meter was its rela-
tively low capacity (only 24 cherries per hour).



